ACK AND NECK PROBLEMS ARE among the symptoms most commonly encountered in clinical practice. In a 2002 survey of US adults, 26% reported low back pain and 14% reported neck pain in the previous 3 months. 1 Low back pain alone accounted for approximately 2% of all physician office visits; only routine examinations, hypertension, and diabetes resulted in more office visits. Rates of imaging, injections, opiate use, and surgery for spine problems have increased substantially over the past decade. 2-5 Such increases would likely result in increased health care expenditures, but it is uncertain how much expenditures have increased or how national expenditures for spine care compare with those for other problems.
Several scenarios related to expenditure and health status are plausible. In the most desirable situation, newer technology and treatment strategies prevent or reduce health problems sufficiently to offset their expenses. This may lead to flat or decreasing care expenditures, with equal or improving health status. If overall medical expenses increase but health status concurrently improves, it might be beneficial to examine the value for money or the gain in quality-adjusted life-years per dollar spent. In this situation, reductions in nonmedical or indirect expenditures, such as work disability, might even offset increasing direct medical expenditures. An increase in expenditures without improvement in health status, however, would raise questions of medical waste.
We sought to examine recent changes in expenditures related to back and neck problems (referred to herein as "spine problems," based on Medical Expenditure Panel Survey [MEPS] descriptions and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) definitions) to evaluate whether these changes were associated with a concurrent change in health status. The MEPS, sponsored by the Agency for Healthcare Research and Quality and the National Center for Health Statistics, is a comprehensive source of data for estimates of US health service use and expenditures. 6, 7 We used these data to examine trends in health care expenditures and health states among individuals with back and neck problems from 1997 to 2005. Our specific research questions were (1) What are the overall age-and sexadjusted health care expenditures for back and neck problems, and are they increasing? (2) What fraction of all medical care expenditures may be accounted for by back and neck problems? (3) Which components of medical expenditures (inpatient, outpatient, emergency department, or prescription medications) contribute most to any changes observed? (4) At the population level, is the health status of adults with back and neck problems improving?
METHODS

Sample
We analyzed data from all respondents to the MEPS Household Component surveys from 1997 through 2005 who were older than 17 years. The Household Component surveys families and individuals regarding demographic characteristics, medical conditions, and health services use and costs. 7, 8 The MEPS sample is drawn from respondents in the previous year's National Health Interview Survey, a nationally representative sample (with oversampling for Hispanics and blacks) of the US civilian noninstitutionalized population. The survey uses an overlapping panel design involving 5 rounds of interviews over a 2 1 ⁄2year period. A new panel is selected annually. Telephone interviews and record abstractions from physicians, hospitals, and home health caregivers and from pharmacies provide additional utilization and expenditure data. Race was determined through respondent selfreport using MEPS-defined categories; an "other" category was available for categories not on the predefined list. Respondents could select more than 1 category, in which case they were coded as "multiple." For analysis, categories were aggregated into "white," "black," and "other/multiple." An exemption of institutional review was obtained from the University of Washington Human Subjects Division because this study involves precollected and deidentified data.
Spine Condition Diagnosis Data
The Household Component survey asks participants to report all health problems, including"physicalconditions,accidents, or injuries that affect any part of the body as well as mental or emotional health conditions, such as feeling sad, blue, or anxious about something." 9 These selfreported conditions are then mapped to ICD-9-CM diagnosis codes by MEPS researchers. We defined patients with spine problems as those with ICD-9-CM codes commonly used for back or neck problems, disk disorders, and back injuries (TABLE 1) . 10, 11 We could not distinguish amongcervical,thoracic,andlumbarspine problems,becauseICD-9-CMcodesinthe MEPS public use files are limited to major categories (3-digit codes) to prevent patient identification. For the same reason, some potentially spine-related diagnoses were not included in our definition becausetheycannotbedistinguishedfrom nonspine-relateddiagnoses.Forexample, "pathologic fracture of vertebrae" (ICD-9-CM 733.13) cannot be distinguished from some other fractures on the basis of 3-digit ICD-9-CM codes. Other diagnoses (eg, "mechanical complication of internalorthopedicdevice,implant,andgraft"; "stiffness"; and "arthralgia") were not included because they are not specifically defined as involving the spine. We did not includeICD-9-CMprocedurecodes,asopposed to diagnosis codes, because the public-use MEPS files limit them to 2 digits, which are insufficient to distinguish spine from nonspine procedures.
Health Care Expenditures
Expenditure data are derived from the Household, Medical Provider, and Pharmacy Component surveys. Expenditures refer to amounts paid for health care services, whether out-of-pocket, from privateinsurancecompanies,fromMedicare and Medicaid, or from other sources. Payments for over-the-counter drugs are not included. An imputation is performed by the Agency for Healthcare Research and Quality using available charge and payment data in either the Household Component or the Medical Provider Component to replace missing expenditure data.
The total expenditures are calculated as the mean expenditure for the sample multiplied by the population size. Despite the skewed distribution of expenditure data (due to outliers with very high expenditures), we focused primarily on mean total expenditures, which are useful for estimating the total cost of care. 12, 13 For respondents with spine problems, we calculated mean expenditures for particular services (inpatient, outpatient, emergency department, and prescription medications). We combined hospital outpatient and officebased visit expenditures into a single outpatient service category. We did not separately examine the dental, home health, or "other" medical service visit categories, because combined these accounted for only 10% of expenditures among persons with spine problems in 2005. However, we did include these categories in the total expenditure summary variable.
To compare expenditures from 1997 through2005forindividualswithvswithout spine problems, we report the difference in mean age-and sex-adjusted overall expenditures (the sum of all expenditure categories). This method, referred to as the "incremental" method, has been used in previous analyses of spine-related expenditures. 11 It captures spine-related expenses that would otherwise be missed due to nonspecific coding (eg, devicerelatedcomplicationsafterspinalsurgery) as well as expenditures resulting from related comorbid conditions (eg, psychological distress due to back pain). 14 Conditionsunrelatedtothespineshouldtheoretically be equally prevalent in the population with nonspine disorders, so nonspine-related expenditures should be comparable in the 2 populations.
In addition to the incremental method, we estimated the costs of services specifically for spine problems by summing the expenditures for visits or prescriptions that were identified as spinerelated within each service category. This "direct method" is likely to underestimate expenditures because of limitations in the ICD-9-CM codes. For example, expenditures for a relevant hospitalization coded as "mechanical complication of device" would not be included, because the ICD-9-CM code does not identify a back or neck problem as the cause. Also, some persons have comorbid conditions related to their back or neck problems that are not recorded with spine-related ICD-9-CM codes (eg, mental health conditions). Thus, the direct method may provide a low-end estimate of spine-related costs, while the incremental method provides a highend estimate. The direct method also was used to examine expenditure trends for 5 specific drug categories: nonnarcotic analgesics, nonsteroidal anti-inflamma-tory medications, narcotic analgesics, muscle relaxants, and cyclooxygenase 2 inhibitors. Individual drugs are assigned to these categories by the Multum Lexicon definitions available in the MEPS pharmacy events files.
We separately examined overall expenditures with a 2-part model commonly used for expenditure data. The first part of this model represents the probability of incurring any expenditure and is determined using a logistic regression analysis adjusting for age, sex, and presence of a spine problem. The second part of the model uses a generalized linear regression analysis with a ␥ distribution and a log-link function to predict the amount of expenditures conditional on having any expenditure. The estimated expenditure for each individual is then obtained by multiplying predictions from each part of the model.
Health Status
We linked the expenditure files to selfreported health-status measures, demographic characteristics, and employment status.Wecalculatedthepercentageofrespondents who reported any limitations in activities of daily living, defined as need for personal assistance with bathing, dressing, eating, transferring, walking, or usingatoilet) 15, 16 ;physicalfunctioning(eg, walking, climbing stairs, lifting, bending, standing); social functioning; and work, school, or home activities. We also examined 12-Item Short Form Health Survey Physical Component Summary and Mental Component Summary scores from 2000 to 2005. 17 We converted 2000-2002 version 1 scores to the version 2 equivalents, because version 2 was administered after 2002. 18 Respondents could be surveyedmorethanonceayearforsomemeasures; we used data from the last survey in each year.
Demographic Data
We analyzed data related to sex, race, education, type of insurance coverage ("any private insurance," "public only coverage," or "uninsured"), poverty category, and US Census geographic region. We recoded the 6 self-reported categories for race collected by MEPS into 3 groups ("white," "black," and "other/multiple"). Poverty status was based on family income relative to the federal poverty index and categorized as "negative or poor income" (Ͻ100% of the poverty line), "near poor" (100% to Ͻ125%), "low income" (125% to Ͻ200%), "middle income" (200% to Ͻ400%), and "high income" (Ն400%).
Analysis
To adjust for inflation, expenditures from 1997through2004wereinflatedtomatch the 2005 equivalents using the Consumer Price Index for Medical Services provided by the US Bureau of Labor Statistics. 19 Expenditure estimates were age-and sexadjusted and weighted to represent national estimates. We used variables included with MEPS to account for the complexsamplingmethod,oversampling, and nonresponse. Response rates for MEPS during the study years ranged from 63.1% to 70.7%. Expenditure estimates with 95% confidence intervals (CIs) were calculated using Stata release 9.0 survey regression procedures. 20, 21 To examine whether expenditures were increasing more rapidly among adults with spine problems than among those without, we performed linear regression analysis of expenditure as a function of time (year), presence of spine condition, and an interaction term for these 2 variables. To examine trends over time in health status among adults with spine problems, we conducted logistic regression analyses of each health status outcome as a function of time (year), adjusting for age and sex. All analyses were performed using Stata release 9.0 (StataCorp, College Station, Texas); ␣ level was set at .05.
RESULTS
Prevalence of Spine Problems
In 2005, there were 22 258 adult respondents in MEPS, representing, when weighted, a national estimate of approximately 219 million adults. This is similar to the estimated US adult population of 223 million in 2005 (US Census projection 22 ). Among these sampled adults, 3187 reported spine problems in 2005. The most common ICD-9-CM diagnoses were other and unspecified disorders of the back (52.9%), followed by intervertebral disk disorders (15.9%) and sprains or strains of the back (9.3%) ( Table 1) .
We compared characteristics of MEPS respondents with spine problems in 2005 vs 1997 to identify factors that might be associated with changes in expenditures over this period. Compared with 1997, adults with spine problems in 2005 were on average 2.5 years older, slightly less likely to be white, more likely to receive public health insurance, and more likely to be unemployed (TABLE 2) . Table 2 also compares respondents with and without spine problems in 2005 to identify factors that might explain differences in expenditures between the 2 groups. The group with spine problems had a higher proportion who were women, white, covered by public insurance, and unemployed at any time during the year. Those with spine problems were also older on average and less likely to have never married.
Expenditures Related to Spine Problems
Age-and sex-adjusted expenditures were higher in each year for those with spine problems than for those without (FIGURE 1) . Adults with spine problems showed a steeper increase in expenditures from 2002 to 2004 than did those without, although the difference in the increase between groups over all study years was not statistically significant (P=.07). In 1997, the mean age-and sexadjusted medical costs for respondents with spine problems was $4695 (95% CI, $4181 to $5209), compared with $2731 (95% CI, $2557 to $2904) among those without spine problems (inflation adjusted to 2005 dollars). In 2005, the mean age-and sex-adjusted medical expenditure among respondents with spine problems was $6096 (95% CI, $5670 to $6522), compared with $3516 (95% CI, $3266 to $3765) among those without spine problems. Therefore, in 2005, the incremental increase in expenditures attributed to spine problems was $2580 (95% CI, $2404 to $2757) per person with spine problems. From 1997 to 2005, these trends resulted in an estimated 65% inflation-adjusted increase in the total national expenditure of adults with spine problems (TABLE 3) . These trends were nearlyidenticaltotheestimatesproduced using the 2-part modeling method.
Most of the difference we observed in inflation-adjusted expenditures between those with and without spine problems in 2005 was accounted for by outpatient services (36%) and inpatient services (28%). Smaller proportions were accounted for by prescription medications (23%); emergency department visits (3%); and home health, dental, and other expenses (10%). Absolute expenditures increased substantially in all categories (Table 3) .
From 1997 to 2005, the mean annual chiropractor expenses among respondents with spine problems increased from $94 (95% CI, $68 to $120) to $157 (95% CI, $127 to $187) and among those without spine problems from $6 (95% CI, $4 to $10) to $11 (95% CI, $7 to $14). These means include many respondents who used no chiropractic services; they do not represent mean costs by users of the services. Based on the prevalence of spine problems, these trends represent an estimated 111% increase in total national spine-related expenditures for chiropractor visits. Similarly, national expenditures for spine-related physical therapy increased by an estimated 78%. From 1997 to 2005, the mean annual physical therapy expenditures among respondents with spine problems increased from $115 (95% CI, $71 to $160) to $129 (95% CI, $105 to $154). Among respondents without spine problems, physical therapy expenditures decreased from $45 (95% CI, $29 to $61) in 1997 to $33 (95% CI, $25 to $40) in 2005.
From 1997 to 2005, the mean annual expenditure among patients with spine problems receiving workers' compensation decreased from $157 (95% CI, $104 to $210) to $119 (95% CI, $70 to $169) and among those without spine problems from $51 (95% CI, $30 to $73) to $25 (95% CI, $15 to $36). Again, these means include many per-EXPENDITURES AND HEALTH STATUS AMONG ADULTS WITH BACK AND NECK PROBLEMS sons who were not receiving compensation benefits and do not represent the mean among beneficiaries alone. This decrease in mean incremental costs per person attributed to spine problems was offset by an increase in the number with spine conditions, resulting in an estimated 12% net increase in workers' compensation expenditures for spine problems from 1997 to 2005.
We also calculated expenditures explicitly linked to spine problems using the direct method ( Table 3 ). As expected, this method resulted in substantially lower estimates. By this method, the total inflation-adjusted expenditure for spine problems increased 60% from 1997 to 2005. Expenditures for prescription medications directly attributed to spine problems increased 188%, again more than any other service category. Inpatient expenditures increased 87% by the direct method, outpatient expenditures increased 43%, and ED expenditures decreased 27%. An increase in expenditures for narcotic analgesics was particu-larly evident after 2003, when the use of cyclooxygenase 2 inhibitors declined (FIGURE 2.) The mean, inflationadjusted, spine-related expenditure for pharmacy events increased from $25 (95% CI, $19 to $31) in 1997 to $58 (95% CI, $46 to $69) in 2005. When combined with the increase in the number of pharmacy events among patients with spine problems, these differences account for an estimated 423% increase in the expenditure for spine-related narcotic analgesics from 1997 to 2004. The mean number of nonspine conditions reported by respondents (comorbidity) could account for some of the differences observed in expenditures. Further analyses revealed that respondents with spine problems reported more comorbid conditions across all years (PϽ.001) and that comorbidity increased significantly more over the study years among respondents with spine problems than among those without spine problems (P=.003). Including comorbidity as a covariate in our expenditure models weakened the diverging trend in expenditures between respondents with spine problems compared with those without spine problems. However, while comorbidity modifies the estimated expenditures over time, it reflects the reality of population expenditures and, unlike age or sex, may be influenced by changes in practice style or patient selfperception. Therefore, we did not control for the number of reported conditions in our primary analysis.
Health Status
In 2005, compared with respondents without spine problems, those with spine problems were more likely to report physical functioning limitations (odds ratio [OR], 2.92; 95% CI, 2.59 to 3.30; P Ͻ .001); work or school limitations (OR, 2.68; 95% CI, 2.38 to 3.01; PϽ.001); and social limitations (OR, 2.53; 95% CI, 2.18 to 2.93; PϽ.001). Those with spine problems also had 5.4 points lower (worse) Physical Component Summary scores (95% CI, −5.9 to −4.9; P Ͻ .001) and 2.2 points lower (worse) Mental Component Summary scores (95% CI, −2.7 to −1.7; PϽ.001).
Among respondents reporting spine problems from 2000 to 2005, the age-and sex-adjusted mean Physical Component Summary and Mental Component Summary scores did not change appreciably. From 1997 through 2005, however, age-and sex-adjusted limitations increased significantly in physical functioning (OR, 1.05; 95% CI, 1.03 to 1.07; PϽ.001), work or school activities (OR, 1.03; 95% CI, 1.01 to 1.05; P=.002), and social activities (OR, 1.03; 95% CI, 1.01 to 1.06; P = .003) (TABLE 4). Limitations in activities of daily living did not differ significantly between respondents with and without spine problems or change significantly over time.
COMMENT
Despite rapidly increasing medical expenditures from 1997 to 2005, there was no improvement over this period in self-assessed health status, func-tional disability, work limitations, or social functioning among respondents with spine problems. Age-, sex-, and inflation-adjusted health care expenditures related to spine problems increased 65% between 1997 and 2005. This occurred despite only a modest increase in the estimated numbers of US adults with spine problems, ranging from a low of 24.8 million (12% of the US adult population) in 2000 to a high 6, 7 All amounts are expressed in billions of US dollars and are inflation-adjusted to 2005. b Percentages within parentheses within each major service category represents proportion of total expenditures for that year. Percentages among service categories (inpatient, outpatient, pharmacy, ED) do not sum to 100% because "other" and "dental" categories are not included. The incremental method uses the difference in the mean age-and sex-adjusted expenditure of adults with spine problems compared with those without. c The direct method uses only expenditures directly linked to a relevant International Classification of Diseases, Ninth Revision, Clinical Modification code. of 33.3 million (15%) in 2005. Although expenditures for outpatient visits accounted for the largest proportion of total cost, the greatest relative increase among expenditure categories was observed for medications. Across all years, the average expenditure for respondents reporting spine problems was 73% greater than that of those without spine problems. Multiplying the mean incremental expenditures for spine problems in 2005 ($2580; 95% CI, $2404 to $2757) by the estimated number of persons with spine problems in 2005 yields a total of $85.9 billion (95% CI, $80.1 billion to $91.8 billion) in additional health expenditures among those with spine problems. This represents 9% of the total national expenditure estimated from MEPS.
The economic burden for other medical conditions has been reported using various methods. The total direct medical expenditure for spine problems ranks high relative to that for other medical conditions. In 2003, for example, MEPS data indicated that arthritis, the leading cause of disability in the United States, cost approximately $80.3 billion in medical expenditures. 23 The National Heart, Lung, and Blood Institute estimated the cost of cancer at $89.0 billion in 2007. 24 In 2002, the total direct expenditure attributed to diabetes was estimated at $98.1 billion. 25 Only expenditures for heart disease and stroke, estimated at $257.6 billion, were substantially higher than those for spine problems. 26 Previous studies estimated spine-related medical expenditures at $12.9 billion in 1984 and $33.6 billion in 1994. 27, 28 An analysis of 1997 MEPS data estimated the incremental health care expenditure attributed to spine problems to be $26.3 billion. 11 Several factors may account for increasing medical expenditures associated with spine problems. The percentage of total expenditures related to prescription medication increased during the study period more rapidly than expenditures for other major services. Nationally estimated pharmacy expenditures related to spine problems increased from $7.3 billion (95% CI, $6.1 to $8.6 billion; 14% of total direct expenditures) to $19.8 billion (95% CI, $18.5 billion to $21.2 billion; 23% of total). Wider use of expensive new drugs during the study years, such as gabapentin, fentanyl, and time-release oxy- codone, may account for some of this increase. [29] [30] [31] [32] [33] The greatest absolute dollar increase from 1997 to 2005 was for outpatient visits, accounting for $30.8 billion (36%) of total spine-related expenditures in 2005. Other increases may be related to medical imaging and diagnostic tests, 34 spinal injections, 4,35 a lower threshold for providing treatment, higher patient expectations for care, and increasing use of spinal fusion surgery and instrumentation. [36] [37] [38] We also observed that increasing reports of comorbid conditions accounts for some of the observed trends in expenditures.
There are several limitations in using MEPS data. These include the possibility that changes in observed expenditures are attributable to sampling variation. However, we examined changes over a long interval, providing a more complete picture of underlying trends. Our study was underpowered to detect some differences. A post hoc calculation suggests that the statistical power was adequate (80%) to detect a $1160 difference in incremental expenditures for patients with spine problems relative to those without spine problems over the 8-year study period. We observed an incremental increase of $712 among patients with spine problems relative to those without spine problems in the weighted sample. Although there were no changes in the 3-digit ICD-9-CM codes for spine-related conditions during the study years, the observed prevalence of spine problems may be underestimated because we were limited to 3-digit codes. For example, surgical patients with device complications without an accompanying ICD-9-CM code specific to the spine would not have been counted by either our incremental or direct expenditure methods. Similarly, we were unable to distinguish between cervical, thoracic, and lumbar spine problems on the basis of 3-digit ICD-9-CM codes. Finally, MEPS data do not capture over-the-counter medications.
The health status results should be interpreted cautiously. These measures are not obtained at a consistent interval following treatment, but there is no reason to believe that the average interval from treatment to assessment differs by year. Health status is affected by all of an individual's medical and psychological conditions, not just spine problems; however, several of the measures used here are commonly used in research on back and neck pain and appear appropriate in this context.
These data suggest that spine problems are expensive, due both to large numbers of affected persons and to high costs per person. We did not observe improvements in health outcomes commensurate with the increasing costs over time. Spine problems may offer opportunities to reduce expenditures without associated worsening of clinical outcomes.
